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Summary
Background:  Infectious  diseases  are  a  great  threat  to  humankind,  and  antibiotics
are  a  viable  proposition  to  numerous  pathologies.  However,  antibiotic  resistance  is  a
global  concern.  Therefore,  the  aims  of  this  survey  were  to  explore  the  understanding
and  attitudes  of  pharmacy  students  regarding  antibiotic  use  and  resistance.
Methods:  This  is  a  cross-sectional  study  conducted  on  ﬁnal-year  undergraduate
pharmacy  students  from  5  public  universities.  A  validated,  self-administered  ques-
tionnaire  written  in  English  was  used  to  collect  data.  It  was  made  up  of  six  domains
and  forty-ﬁve  questions.  Raosoft  software  was  used  to  determine  the  minimum
required  sample  size.  Descriptive  and  inferential  data  analyses  were  carried  out
using  SPSS  version  20  software.
Results:  Out  of  346  students,  only  59.5%  showed  a  strong  understanding  of  antibiotic
usage,  while  84.4%  of  students  demonstrated  a  good  level  of  understanding  regarding
the  issue  of  antibiotic  resistance.  However,  only  34.1%  of  students  demonstrated  a
positive  attitude  toward  this  issue.
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ntibiotics  are  a  powerful  medication  that  target
icroorganisms such  as  bacteria  and  fungi.  They
ill bacteria  or  stop  them  from  reproducing  and
re thus  often  given  to  treat  infections  caused  by
acteria.  However,  there  is  a  concern  globally  that
ntibiotics  are  misused  and  overused,  leading  to  the
mergence  of  antibiotic  resistance  [1].
Antibiotic  resistance  (ABR)  is  considered  to  be  a
ype of  drug  resistance  where  some  or  all  popula-
ions of  a  bacterial  species  survive  after  exposure
o antibiotics  [2]. One  of  the  major  factors  causing
BR is  the  inappropriate  prescribing  of  antibiotics
ver the  years.  A  single  dose  of  a  particular  antibi-
tic can  increase  bacterial  resistance  risk  to  that
ntibiotic  in  a  person  for  up  to  a  year  [3]. ABR  has
lso been  shown  to  increase  with  patients’  non-
ompliance to  antibiotic  protocols.  In  all  cases,
n insufﬁcient  treatment  course  of  antibiotics  can
ead to  relapse  of  the  infection  whereby  it  is  now
ore antibiotic  resistant  [4].  It is  evident  that
atients’ expectations  of  antibiotics  can  inﬂuence
rescribing practice,  but  there  is  a  scarcity  of  data
n whether  patients’  knowledge  of and  attitudes
oward ABR  are  sufﬁcient  to  achieve  a  positive
ealth outcome.  A  number  of  studies  were  con-
ucted to  investigate  the  perception  of the  public
egarding  the  use  of  antibiotics.  It  was  identi-
ed that  the  public  generally  lacked  knowledge  in
ital aspects  and  had  negative  attitudes  toward  the
ational use  of  antibiotics  [5—7]. However,  there
ave been  no  studies  completed  so  far  on  phar-
acy students,  who  will  have  an  iconic  role  in  drug
andling.
Infections  due  to  resistant  bacteria  often  fail
o respond  to  standard  treatment,  as  ABR  reduces
he effectiveness  of  treatment.  To  effectively  com-
at and  prevent  ABR,  pharmacists  are  generally  the
ey personnel,  as  antibiotic  regimens  are  becoming
ore complex.  The  decline  in  the  number  of  novel
eplacement medications  further  emphasizes  the
mportance  of  preserving  currently  available  antibi-
tics [8].  A  well-trained  pharmacist  would  be  able
o maximize  the  efﬁcacy  and  utility  of  an  available
edication while  reducing  the  chances  of  develop-
ng an  opportunistic  infection  by  resistant  bacteria.
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ls  that  ﬁnal-year  pharmacy  students  at  Malaysian  public
 good  understanding  of  antibiotic  resistance.  However,
ly  correlate  to  their  knowledge.
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ooking  at  the  fact  that  pharmacists  have  an  inte-
ral role  in  the  rational  use  of  antibiotics,  it  is
bvious that  the  education  of  pharmacy  students
an greatly  impact  the  effort  to  reduce  ABR  inci-
ence. As  a gateway  practitioner,  the  most  vital
ole of  pharmacists  in  preventing  ABR  is  that  of
n educator  [9]. Pharmacy  students  are  expected
o be  educated  well  to  address  the  public’s  con-
erns.  Several  studies  have  been  completed  to
etermine  the  understanding  and  perception  of  the
edical profession  and  medical  students,  includ-
ng physicians,  pharmacists  and  nurses  [10—14].  All
f these  studies  highlighted  the  fact  that  educa-
ional  programs  need  to  be  developed  to  enable
tudents or  even  healthcare  professionals  to  reﬂect
n their  knowledge  of  antibiotics,  as  it can  inﬂu-
nces patients’  behaviors  and  outcomes.
Directly  or  indirectly,  the  level  of  understand-
ng and  attitudes  of  students  can  have  signiﬁcant
mpacts on  safeguarding  one  of  the  most  impera-
ive medical  advances  of  the  past  century.  However,
here is  limited  data  on  the  way  ABR  topics  are  han-
led at pharmacy  schools  and  in  what  manner  the
oncept of  these  topics  is  incorporated  into  their
ttitudes  [10]. No  studies  have  been  completed
o far  to  evaluate  the  understanding  of  antibiotic
esistance in  future  pharmacy  practitioners.  Except
or a single  study  from  Jordan,  there  is  no  other
tudy from  any  developing  countries  that  encom-
asses  the  knowledge  and  attitudes  of  pharmacy
tudents toward  antibiotic  resistance  [15]. There-
ore, the  aims  of  this  survey  were  to  explore  the
nderstanding and  attitudes  of  pharmacy  students
n antibiotic  use  and  ABR.
ethodology
tudy design, study site and sampling
his  cross-sectional  study  was  carried  out  among
nal-year  undergraduate  pharmacy  students  by
sing a self-administered  questionnaire.  It  was
onducted  as  a classroom  survey.  Students  from
ve public  universities  were  included  in  this  study
o gain  an understanding  of  pharmacy  students’
ttitudes toward  ABR.  Prior  approval  from  the
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involved  universities  was  obtained.  During  the
data collection  phase,  researchers  approached  the
cohort of ﬁnal-year  pharmacy  students  to  provide
information about  the  study  and  distribute  the
questionnaires  to  the  students.  Raosoft  software
was used  to  determine  the  minimum  required  sam-
ple size.  Based  on  the  calculation  with  a  5%  margin
of error,  a  95%  conﬁdence  level  and  a  50%  response
distribution, at  least  201  students  were  needed  out
of a  total  of  418  students  involved.  An  online  sur-
vey form  was  sent  to  students  at  some  participating
universities via  A  total  of  15—20  min  were  allocated
to complete  the  questionnaire.  By  the  end  of  the
data collection  phase,  346  questionnaires  were  col-
lected.
Development of the questionnaire
A  questionnaire  was  developed  after  a  detailed
review of  relevant  literature  [5—7,10—15].  The
questionnaire consisted  of  six  sections  with  a total
of forty-ﬁve  questions.  It  was  written  in  English,  as
the medium  of  instruction  in  Malaysia  universities  is
English. Demographic  data  such  as  age,  gender  and
university  were  collected  under  domain  1.  Fifteen
questions  (domain  2)  evaluated  students’  under-
standing  of  the  phenomenon  of  antibiotic  use.  Eight
questions  evaluated  students’  understanding  of  the
phenomenon  of  ABR  (domain  3).  Six  questions  eval-
uated students’  understanding  of  the  mechanism  of
action of  ABR  (domain  4).  Five  questions  explored
the factors  of  ABR  (domain  5).  True/false  questions
were used  to  evaluate  responses  from  domains  2
to 5.  The  attitudes  of  students  toward  minimizing
ABR (domain  6)  was  assessed  using  a  scale  of  agree,
neutral  or  disagree.
Validation of the questionnaire
Twenty  ﬁnal-year  pharmacy  students  in  the  fac-
ulty of  pharmacy  at  Universiti  Islamic  Antarabangsa
(UIA) were  involved  in  the  pilot  study  of  the
questionnaire.  During  the  second  phase  of  the
pilot study,  twenty  ﬁnal-year  pharmacy  stu-
dents from  International  Medical  University  (IMU)
were selected  to  complete  the  questionnaire.  A
Cronbach-alpha  test  was  used  to  assess  the  reliabil-
ity of  the  questionnaire,  which  was  found  to  have  a
reliability  coefﬁcient  of  0.82.
Data analysisDescriptive  and  inferential  data  analyses  were  car-
ried out  using  SPSS  version  20  software.  Descriptive
analyses were  used  to  analyze  frequency  and
(
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ercentage.  A  Pearson  Correlation  was  performed
o determine  the  relationship  between  the  overall
nderstanding  level  of  students  and  their  attitudes
oward  minimizing  ABR.
esults
emographic characteristics
he  study  population  was  ﬁnal-year  pharmacy  stu-
ents from  5  public  universities  in  Malaysia.  Out
f a total  of  418  students,  346  survey  forms  were
ollected.  The  response  rate  was  82.8%.  Female
tudents constituted  280  (80.9%)  of  the  total  sam-
le, while  66  (19.1%)  were  male  students.  The
ajority of  the  respondents  (223  or  64.5%)  were
n the  age  group  of 23—25,  and  121  (35.0%)
espondents  were  in  the  age  group  of  20—22.
nly 2  respondents  were  in  the  age  group  of  >25
0.6%).
nderstanding the phenomenon of
ntibiotic use
he  students’  level  of  understanding  was  divided
nto 2 categories:  average  understanding  (0—7  cor-
ect responses)  and  good  understanding  (8—15
orrect  responses).  Overall,  206  (59.5%)  of  the  stu-
ents fell  into  the  category  of  good  understanding,
hereas the  remaining  140  (40.5%)  students  fell
nto the  category  of  average  understanding.  How-
ver, it is  apparent  that  the  majority  of  the  students
ere aware  that  antibiotics  are  the  most  com-
only prescribed  anti-infective  agents  by  public
96.5%,  n  =  334)  and  private  (84.4%,  n  =  292)  health-
are sector  facilities  (Refer  Fig.  1).  Surprisingly,
t was  noted  that  approximately  half  of  the  stu-
ents  agreed  that  antibiotics  can  be used  to  treat
ore throat  (49.1%)  as  well  as  relieve  pain  (47.4%)
nd inﬂammation  (52.3%).  No  signiﬁcant  correla-
ion was  determined  between  gender  and  level  of
nderstanding.
nderstanding of the phenomenon of
ntibiotic resistance
able  1  reveals  that  72.0%  of  the  students  showed
 good  understanding  (5—8  correct  responses)  of
BR, while  28.0%  showed  an  average  understanding
0—4 correct  responses).  No  signiﬁcant  correla-
ion was  determined  between  gender  and  level  of
nderstanding.
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Figure  1  Number  and  percentage  of  students  giving  correct  responses  in  each  question  of  Domain  2.
Understanding of the mechanism of action
of antibiotic resistance
Table  2 shows  that  79.5%  of  the  students  demon-
strated a  good  understanding  level  (4—6  correct
responses). Only  20.5%  showed  an  average  under-
standing.  A  total  of  196  students  (56.6%)  agreed
to the  statement  that  there  is  no  resistance  to
penicillin  from  Streptococcus  pyogenes  bacterium.
No signiﬁcant  correlation  was  determined  between
gender and  level  of  understanding.
Factors of antibiotic resistance
A  majority  of  the  students  had  a  good  understanding
of this  domain.  A  total  of  289  students  (83.5%)  were
able to  give  3—5  correct  responses,  while  82.4%  of
Table  1  Students’  understanding  level  on  phe-
nomenon  of  antibiotic  resistance.
Understanding  level  on
phenomenon  of
antibiotic  resistance
Average
Understanding
n  (%)
Good
Understanding
n (%)
Gender
Male  17  (4.9%)  49  (14.2%)
Female  80  (23.1%)  200  (57.8%)
Total  97(28.0%)  249  (72.0%)
Age
20—22  11  (3.2%)  110  (31.8%)
23—25  85  (24.6%)  138  (39.9%)
>25  1  (0.3%)  1  (0.3%)
Total  97  (28.0%)  249  (72.0%)
the  students  agreed  that  mutation  is  a prevalence
factor in  changing  the  bacterial  protein.  A  total
of 79.2%  believed  that  the  use  of  broad-spectrum
antibiotics,  such  as  4th  generation  cephalosporins
as initial  therapy  for  mild  infection,  can  increase
ABR risk.  Moreover,  78.6%  believed  that  ABR  is a
feature of  urban  social  change,  while  81.5%  of  the
students perceived  healthcare-acquired  infections
as a breeding  ground  for  ABR.  Unlike  the  other
statement, only  39.3%  (n  = 136)  of  the  students
knew that  the  use  of  commercially  available  biocide
antiseptics  should  not  be  used  in  soaps  on  patients
with skin  infections.  This  statement  demonstrated
a signiﬁcant  difference  in  terms  of  gender  and  level
of understanding,  with  47.0%  of  male  students  and
63.9% of  female  students  agreeing  to  the  statement
(p =  0.011).  The  results  of  the  analysis  are  summa-
rized in  Fig.  2.
Table  2  Students’  understanding  level  on  mecha-
nism  of  action  of  antibiotic  resistance.
Understanding  level  on
mechanism  of  action
Average
understanding
n  (%)
Good
understanding
n (%)
Gender
Male  8  (2.3%)  58  (16.8%)
Female  63  (18.2%)  217  (62.7%)
Total  71  (20.5%)  275  (79.5%)
Age
20—22  16  (4.6%)  105  (30.3%)
23—25  55  (15.9%)  168  (48.6%)
>25  0  2  (0.6%)
Total  71  (20.5%)  275  (79.5%)
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Figure  2  Number  and  percentage  of  students  giving  
Attitude toward minimizing antibiotic
resistance
A  majority  of  the  students  (n  =  295,  85.3%)  agreed
that educating  health  professionals  on  appropri-
ate antibiotic  prescribing  can  reduce  the  chances
of ABR.  More  than  three  quarters  of  the  students
(78.3%) believed  that  formal  teaching  on  the  proper
usage of  antibiotics  among  healthcare  students  can
minimize the  phenomenon  of  ABR.  Furthermore,
82.4% responded  positively  to  the  statement  that
antibiotics  education  needs  to  be  well-received
by healthcare  practitioners.  This  statement  was
signiﬁcantly  correlated  to  gender  (p  =  0.047),  as
females were  more  inclined  to  agree  to  this  state-
ment.  Moreover,  more  than  half  of  the  students
Table  3  Students’  attitude  toward  minimizing
antibiotic  resistance.
Students’  attitude
Neutral  or
negative
attitude
n  (%)
Positive
attitude
n (%)
Gender
Male  44  (12.7%)  22  (6.4%)
Female  184  (53.2%)  96  (27.7%)
Total  228  (65.9%)  118  (34.1%)
Age
20—22  37  (10.7%)  84  (24.3%)
23—25  190  (54.9%)  33  (9.5%)
>25  1  (0.3%)  1  (0.3%)
Total  228  (65.9%)  118  (34.1%)
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n =  232,  67.1%)  perceived  that  the  usage  of  antibi-
tics must  be  related  to  specialties  to  enhance
wareness of  ABR.  Ironically,  50.3%  (n  =  174)  of  stu-
ents thought  that  pharmacists  should  dispense
ccording to  patient  demands.  Approximately  50%
f the  students  showed  a negative  attitude  to  the
ollowing  statements:  appropriate  use  of  antibi-
tics may  not  have  an  impact  on  a hospital’s
edications  expenses  (50.0%);  prescribing  antibi-
tics over  the  phone  is  good  patient  care  (49.7%);
atients should  keep  antibiotics  for  another  occa-
ion (50.9%).  Overall,  only  34.1%  of  the  students
emonstrated a positive  attitude  (4—8  positive
esponses). No  signiﬁcant  correlation  was  deter-
ined  between  gender  and  the  students’  overall
ttitudes. The  summarized  results  of  the  students’
ttitudes  are  shown  in  Fig.  3 and  Table  3.
verall understanding level of antibiotic
esistance
able  4  showed  that  more  than  80%  of  the  stu-
ents demonstrated  a  good  level  of  understanding
f ABR  (10—19  correct  responses).  Their  overall
nderstanding level  of  ABR  was  determined  based
n the  students’  responses  on  domain  3,  4  and  5,
hich targeted  this  particular  issue.  The  student’s
evel of  understanding  did  not  signiﬁcantly  differ  by
ender.
orrelationhere  was  a signiﬁcant  correlation  between  stu-
ents’  overall  understanding  of  ABR.  However,
here was  no  signiﬁcant  correlation  between  their
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Figure  3  Number  and  percentage  of  students  giving  
Table  4  Students’  overall  understanding  of  antibi-
otic  resistance.
Overall  understanding  level
Average
understanding
n  (%)
Good
understanding
n (%)
Gender
Male  9  (2.6%)  57  (16.5%)
Female  45  (13.0%)  235  (67.9%)
Total  54  (15.6%)  292  (84.4%)
Age
20—22  4  (1.2%)  117  (33.8%)
23—25  50  (14.5%)  173  (50.0%)
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Total 54  (15.6%) 292  (84.4%)
ttitudes  toward  minimizing  ABR.  The  results  of
nalysis are  summarized  in  Table  5.iscussion
tudents  from  Malaysian  public  universities  that
articipated  in  this  survey  have  a  high  level  of
Table  5  Correlation  between  students  and  various
variables.
Students
(n  =  346)
r  p
Overall  understanding  of  ABR  0.604** 0.000
Attitude  toward  minimizing  ABR  0.016  0.420
r = Pearson correlation coefﬁcient, p = signiﬁcance value for
1-tailed.
** Correlation is signiﬁcant at the 0.01 level (1-tailed).
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opositive  responses  in  each  question  of  Domain  6.
nderstanding  of  most  aspects  of  ABR.  However,
nly a  minority  of  students  showed  a positive  atti-
ude toward  minimizing  ABR.  More  than  80%  of  the
tudents  showed  a  good  understanding  of  ABR  issues
domain  3, 4  and  5),  but  only  approximately  60%
f them  obtained  similar  results  in  the  topic  of
ntibiotic  usage  (domain  2).  A  study  performed  on
ealthcare  students  in  Jordan  revealed  that  most  of
he students  disagreed  with  the  usage  of  antibiotics
o relieve  pain  [15].  However,  approximately  half
f the  students  participating  in  this  survey  agreed
hat antibiotics  can  be  used  to  relieve  pain.  How-
ver, students’  understanding  level  did  not  differ
igniﬁcantly  by  gender,  indicating  that  the  educa-
ion system  did  cover  all  groups.
Similar to  a  previous  study  [16], students  in  this
tudy agreed  that  ABR  can  be  minimized  by  chang-
ng the  empiric  therapy  to  the  selected  therapy  in
esponse to  the  availability  of  culture  and  sensi-
ivity results.  Approximately  three-quarters  of  the
tudents understood  that  an  inadequate  duration
f therapy  can  contribute  to  ABR.  This  percent-
ge is  slightly  lower  than  the  results  obtained
n a previous  study  completed  in  Jordan  [15].
evertheless,  it demonstrated  that  most  students
ad a good  understanding  of  the  phenomenon  of
BR.
Most of  the  students  had  a good  understanding
f the  mechanism  of  action  of  ABR.  Unlike  a study
erformed  on  nursing  students  where  less  than  half
f them  knew  about  the  total  classes  of  antibiotics
12], the  pharmacy  students  in  this  survey  generally
ad good  knowledge  of  antibiotic  classes.  Further-
ore,  56.6%  of  the  students  knew  that  there  is  noesistance  to  penicillin  from  Steptococcus  pyogenes
acteria.  The  percentage  obtained  is higher  than  in
 study  performed  on  physicians,  where  only  21%
f the  physicians  displayed  that  knowledge  [10].
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This  is  not  surprising,  as  ABR  topics  are  often  an
important  focus  in  the  pharmacy  program.  This  can
be supported  by  a  study  that  reported  that  a major-
ity of  pharmacy  schools  listed  ABR  as  compulsory
topic [10].
Understanding  the  factors  of  ABR  can  contribute
to minimizing  the  instances  of  ABR.  The  ﬁndings  of
this survey  reﬂected  that  a  majority  of  the  stu-
dents  had  a  good  level  of  understanding  of  this
topic, indicating  sufﬁcient  curriculum  coverage.
However, only  39.3%  of  the  students  knew  that  com-
mercially  available  biocide  antiseptics  in  soaps  are
not recommended  for  patients  with  skin  infections.
The students  might  get  confused  by  this  idea,  as
skin infections  are  often  treated  with  antimicrobial
cream.
Although the  majority  of  the  students  estab-
lished a  high  level  of  understanding  of  ABR,  their
attitude  did  not  correlate  well.  This  was  evident
by the  low  percentage  of  students  with  a  positive
attitude. A  total  of  65.9%  of  the  students  were
found to  have  a  neutral  or  negative  attitude  toward
minimizing  ABR.  Generally,  students  believed  that
education  plays  a  role  in  reducing  the  incidences  of
ABR and  the  usage  of  antibiotics  must  be  related
to specialties.  In  contrast  to  these  statements,  a
high number  of  students  perceived  that  antibiotics
can be  dispensed  to  meet  patients’  demands.  A  pre-
dominant  factor  to  explain  this  could  be  the  high
rate of  self-medication  even  among  healthcare  stu-
dents, as  reported  in  several  studies  [15,16].  The
desire to  have  a  quick  relief  from  illness  and  avoid
clinician fees  can  further  encourage  this  kind  of
attitude.
Limitations
Not  every  public  university  in  Malaysia  was
included, which  could  affect  the  generalization  of
the results.
Conclusions
This  survey  reveals  that  ﬁnal-year  pharmacy  stu-
dents at  Malaysian  public  universities  have  a
relatively  good  understanding  of  ABR.  However,
their knowledge  did  not  necessarily  reﬂect  their
attitudes. The  majority  of  the  students  did  not
display  a  positive  attitude  toward  minimizing
ABR. No  signiﬁcant  correlation  was  determined
between gender  and  understanding  or  atti-
tude.
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